The age distribution of testicular cancer is unusual in that. after a peak incidence early in the fourth decade. the incidence declines with advancing years. This pattern resembles that of a tumour of childhood or adolescence. only set in later years. In a small proportion of cases these tumours are known to be familial. In the case of retinoblastoma and Wilms tumour statistical analysis of the familial (and nonfamilial hereditary) cases has provided useful information on the molecular genesis of the malignant phenotype.
The aim of our analysis is to ascertain the incidence in the general population of genetically predisposed germ cell testicular tumours, with a view of gaining clues to molecular mechanisms. It is based partly on the incidence of bilateral and unilateral cancer following the classic treatment of Knudson (1971) for retinoblastoma. but also from a consideration of the age distribution.
Although seminoma and 'teratoma' (i.e. nonseminomatous germ cell tumour) are distinguishable histologically and in some clinical features, they are both associated with carcinoma in-situ (CIS) of testis and they can both occur in the same individual, in different members of a family and commonly in the same tumour. They are therefore considered together in this study.
As with Knudson (1971) . the starting point of our analysis is that there is a simple algebraic relationship between the probabilities of the occurrence of a random event (such as a tumour) in neither side. in one side or both sides. A knowledge of the ratio of the number of bilateral to unilateral cases in those known to have a familial basis (i.e. genetically predisposed) allows an estimate to be made of the relative number of genetically predisposed individuals who develop no tumour. i.e. it allows an estimate of the genetic penetrance. to which we thereby ascribe a value of 0.45. [In this estimate. as in other estimates, we deliberately quote values to a greater precision (i.e. number of decimal places) than is strictly justified by the sampling and other errors. The purpose of this is improve clarity by allowing the reader to follow and to verify the calculations].
In general cases (i.e. unselected in any way), bilateral disease occurs much more frequently in patients than would be expected by chance alone, implying that effectively all such bilateral cases are in predisposed individuals. Comparison of the distribution of the age of first tumour in such bilateral patients with that of known familial cases suggests they share the same predisposition. General cases therefore are essentially composed of (i) Table II and is plotted in Figure 1 . For the first four rows the values were calculated from the reported age-specific incidence rates of all (i.e. including non-germ-cell) testis tumours applied to an age distribution of a notional European population (Doll et al.. 1966 Figure 2 gives a summary chart of the above reasoning.
General population
These estimates are obviously subject to some uncertainty. stemming mainly from the estimate of the familial bilateral fraction which included an arbitrary allowance for underreporting. as well as sampling error. Although we presented evidence why such an allowance was reasonable (see Demographics section) it is of interest to examine the consequence of its omission (the 'alternative assumption'). Under the alternative assumption the familial bilateral fraction would be 7.3% and this, following the same path of reasoning as before. leads to an estimate of penetrance of 0.25 and a fraction of 67% ( Figure 3 shows, for bilateral cases, the observed AFPT distribution together with the projected AFPT distribution derived from the AFTP distribution of (i) general cases ( Figure 1 ) and (ii) familial cases (Figure 1) . The projections based on a 10 year follow-up period are also plotted in Figure 3 , and it will be observed the outcome is not unduly sensitive to its value. Figure 3 shows that the observed AFTP distribution of bilateral cases matches much more closely the projected distribution derived from familial cases rather than that derived from general cases. Although there is not a perfect match, the similarity of the AFPT distnrbution of bilateral cases and that projected from the AFTP distribution of familial cases is probably as good as can be expected considering that the bilateral data were collected under diverse conditions and so may be subject to other biases.
An upper limit to the proportion of hereditarY cases
The general cases contain a proportion of hereditary cases, the balance being sporadic cases. While it is not possible independently to infer a magnitude for this proportion from a consideration of age distribution alone (since the age distribution of the sporadic cases is unknown), it is possible to set an upper limit to it. First note that out of 196 familial cases, 65 have an age in the range 5 -24 years (Table II) For simplicity consider 1,000 general cases having the age distribution also detailed in Table II (Emery and Mueller, 1992) . Secondly, if equilibrium between mutation and selection may be assumed, the proportion of non-familial cases out of all cases with the malignant phenotype would be 1-s, where s is the selection coefficient (Crow, 1986 We have argued that, as the fraction of bilateral cases is much larger than that accounted for by chance in a homogeneous population, there must be a predisposed subpopulation. As the distribution of age of onset of the first tumour in bilateral disase is similar to that seen in familial cases, and is unlike that seen in general cases, we have assumed that the predisposition is genetic. The ratio between bilateral and unilateral disease in familial cases is estimated at 0.172 and implies a genetic penetrance of 0.45. Application of this same ratio to the general testis cancer population leads to the estimate that 33.4% of these are hereditary (Figure 2 ). This in turn allows us to predict the risk to brothers and fathers of cases on the assumption of inheritance of a single predisposing gene. If the predisposing gene is assumed to be inherited in homozygous form the projected risk to brothers and fathers is broadly in line with that reported elsewhere.
Our analysis is based on data which was collected under diverse conditions over many years and depends in part on small numbers of cases. As with any retrospective analysis it is impossible to take account of unsuspected biases which probably are of greater importance than sampling error. The assumptions we have made which underlie the model may be wrong. Thus, it may be that certain unilateral cases are predisposed to a contralateral tumour by some unsuspected biological mechanism, or that there is more than one predisposed subpopulation of individuals, or that the mode of inheritance is of a more complex nature, involving more than one gene or genomic imprinting. However, we base our analysis on the simplest possible set of assumptions which fit the data reasonably well.
If the assumption that the malignant phenotype is a homozygous state is correct, the allele frequency is estimated at about 1/20. This implies that the incidence of heterozygous individuals in the general population would be 1 in 10. It is tempting to speculate that some, or indeed alL, of 'sporadic' cases may be in these heterozygous individuals. Thus, these 'sporadic' cases may in fact be the product of a heterozygous predisposition together with a low penetrance, of the order of 0.023 or klss. Such a low penetrance would ensure that essentially all such cases would be unilateral and so would not invalidate the assumptions of our analysis. It is of interest that the 129 strain of mice shows just such a pattern of inherited predisposition to testicular teratoma for the Ter gene in both homozygous and heterozygous form (Noguchi and Noguchi, 1985) .
